Background
The presence of diabetes mellitus type 2 (DM2) in patients with arterial hypertension (AH) significantly amplifies development of microvascular and macrovascular complications, and results in increased mortality [1, 2] . DM2 is an independent risk factor for the development of cardiovascular events [3, 4] . The risk of infarction and coronary heart disease death in DM2 patients is as high as in patients with the history of previous myocardial infarction [5, 6] . The widespread of DM2, observed nowadays, may partially be explained by the fact that people with impaired glucose tolerance (IGT, may also be referred as "prediabetes") remain undiagnosed [3] . During IGT the regulation of carbohydrate metabolism is already disturbed, but the fasting glucose and glycated hemoglobin (HbA1c) levels are lower than those observed during DM, or may even remain in the range of normal values [7] . IGT precedes the development of DM2 in 25 % of cases, and patients with IGT also have high risk of vascular complications [3, 7] .
It had been shown that chronic low-grade inflammation plays significant role in the development of DM2 and insulin resistance, but its mechanisms are not yet thoroughly explored [8] [9] [10] . There is no general consensus if inflammation during DM2 has pathogenic role or may fulfill the protective function, while its agents may be regarded as biomarkers of the disease [11, 12] . Macrophages are considered to be the main effector cells during metabolic inflammation during DM2 and its complications [13] . However it had been shown that T-lymphocytes may also be found in the adipose tissue, kidney parenchyma and other target tissues during DM2 [14, 15] . These findings confirmed that cells of adaptive immunity may act as important regulators during the development of DM2-associated inflammation.
Imbalance between inflammatory T-helper subpopulations (Th17 and Th1) and immunosuppressive regulatory T-lymphocytes (Tregs) had proven to be of great significance in many diseases accompanied by inflammation, such as rheumatoid arthritis, systemic sclerosis, diabetes mellitus type 1, acute coronary syndrome etc. [16] [17] [18] . Among the consequences of imbalance between proinflammatory T-helpers and Tregs one may list elevated production of inflammatory cytokines, predisposition to autoimmunity, increased autoantibody production [19, 20] . All these factors are favorable for the creation of inflammatory milieu and may contribute to the development and maintenance of insulin resistance during DM2 [8] [9] [10] .
Multiple experimental works specify association of insulin resistance, obesity and increased numbers of Th17, as well as Th1 lymphocytes, together with reduction of FoxP3+ Tregs' frequency in adipose tissue and spleen [21, 22] . But we have encountered just a limited number of studies exploring functioning of Th17 and Treg cells in DM2 patients, where the clinical implications of immune dysregulation were not sufficiently addressed [23, 24] . It had been shown that functioning of Th17-lymphocytes has its peculiarities in humans compared to mice, that is why not all the data obtained in experimental models of DM2 and AH can be extrapolated into patients' cohort [25] . To our knowledge no works were undertaken to estimate the functional activity of Th1/Th17/Treg-lymphocytes in patients with IGT.
The purpose of the present study was to characterize the subsets of Th1, Th17 and Treg-lymphocytes in hypertensive patients with DM2 or IGT, and to conduct analysis of relationships between immune dysregulation and clinical features of patients with DM2.
Methods

Patients
The study protocol was approved by the local Biomedical Ethics Committee of RI Cardiology (protocol number 62 from 07.04.2010). All the patients gave the informed consent to participate in the study. All the procedures were performed in accordance with the Helsinki Declaration, Good Clinical Practice (GCP) and Good Laboratory Practice (GLP).
During the case-control study all the patients were stratified into 3 groups: hypertensive patients with DM2, hypertensive patients with IGT and hypertensive patients without carbohydrate disturbances (constituted comparison group). Control group of healthy volunteers was also recruited and constituted the fourth group. Characteristics of patients and healthy volunteers are represented in Table 1 .
All patients recruited in the study received regular antihypertensive therapy, including combination of renin-angiotensin-aldosterone system blockers (83 % AH patients; 65 % DM2 patients and 71 % IGT patients), indapamide retard (67 % AH patients; 45 % DM2 patients and 57 % IGT patients), calcium channel blockers (33 % AH patients; 40 % DM2 patients and 14 % IGT patients), beta-blockers (17 % AH patients; 30 % DM2 patients and 30 % IGT patients). 10 recruited patients (29 % of all patients) received low doses of statins (atorvastatin in the mean dose 15 mg and rosuvastatin in the mean dose 7.5 mg). 70 % DM2 patients received oral glucose-lowering medications, including biguanides and sulphonylurea derivatives. Healthy volunteers did not receive any medication at least 3 weeks prior to the recruitment in the study.
Glomerular filtration rate (GFR) was calculated using Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. All the patients and healthy volunteers recruited in the study had preserved renal function with GFR > 60 ml/min/1.73 m 2 .
Visceral index of adiposity (VAI) was calculated using the formula for male patients: VAI = (WC/(39.68 + (1.88 x BMI))) x (TG/1.03) x (1.31/HDL); for female patients: VAI = (WC/(36.58 + (1.89 x BMI))) x (TG/0.81) x (1.52/ HDL), where WC -waist circumference; BMI -body mass index [26] .
Fasting samples of peripheral blood were obtained into 4 ml heparinized tubes, 4 ml tubes with EDTA and in 10 ml tubes without anticoagulant.
Biochemical analyses
Insulin and C-peptide concentrations were evaluated in serum by enzyme-linked immunosorbent assay (AccuBind, USA; Diagnostic System Laboratories, USA). Serum concentration of glucose was measured by glucose oxidase method using analyzer BIOSEN C-line Clinic (EKF diagnostic, Germany). Enzyme colorimetric method was used to estimate serum concentration of total cholesterol, triacylglycerol, high-density lipoprotein (HDL) cholesterol (Diakon, Russia 
Flow cytometry
Peripheral blood mononuclear cells (PBMC) were isolated from heparinized blood by centrifuging on Histopaque 1077 (Sigma-Aldrich, USA).
Th1-lymphocytes and Th17-lymphocytes were identified by intracellular production of interferon-gamma (IFN-γ) and interleukin 17 (IL-17) respectively. For this purpose PBMC were cultured on the RPMI 1640 medium supplemented with heat inactivated fetal bovine serum (10 %), L-glutamine (1 %) and penicillin/streptomycin (1 %) at 37°C, 5 % CO2 in the presence of GolgiPlug, containing brefeldin A (BD Pharmingen, USA). Phorbol-12-miristate-13-acetate (PMA) in the final concentration 50 ng/ml (Sigma-Aldrich, USA) and ionomycin (1 μg/ml, Sigma- DM2 diabetes mellitus type 2, AH arterial hypertension, IGT impaired glucose tolerance, HOMA homeostatic model assessment for insulin resistance, LDL low density lipoproteins, HDL high density lipoproteins, Me median, Q 1 25 th percentile, Q 3 75 th percentile *p < 0.05 compared to healthy volunteers, **p < 0.05 compared to patients with AH, #p < 0.05 compared to patients with DM2; n/a -not applicable to the group Aldrich, USA) were used to induce cytokine production. Intact unstimulated PBMC were run in parallel as a control sample and to evaluate spontaneous cytokine production ex vivo, which was regarded as a sign of prior in vivo stimulation [27] . In 6 h 100 μl of PBMC suspension were stained with PE-Cy5-labeled anti-CD4 (Becton Dickinson, USA) and APC-labeled anti-IL23R (R&D, USA), fixed, treated with 1x permeabilizing buffer (BD Pharmingen, USA), stained with PE-labeled anti-IL17A (R&D, USA) and FITC-labeled IFN-γ (Becton Dickinson, USA). Stained cells were stored in the fixing buffer (BD Pharmingen, USA) and analyzed not later than 12 h after preparation of the sample. Cells producing both IL-17 and IFN-γ were referred as double-positive Th1/Th17-lymphocytes. Numbers of IL-17+ and IFN-γ + cells were evaluated as well as mean fluorescence intensity (MFI), which reflected relative cytokine production at a single-cell level.
FoxP3+ Tregs were identified by the presence of intracellular transcription factor FoxP3. To identify this cell subpopulation PBMC were stained with FITC-labeled anti-CD4 and APC-labeled anti-CD25 (Becton Dickinson, USA), fixed and permeabilized with matching buffer set (Becton Dickinson, USA), stained with PE-labeled antiFoxP3 antibodies (Becton Dickinson, USA) and stored in the fixing buffer up to the final analysis not later than 12 h after preparation.
Cells were analyzed on a FACSCalibur flow cytometer using CellQuestPro software (BD Biosciences, USA).
Statistical analyses
Analyses were performed in Statistica 10 (StatSoft Inc., USA). The Mann-Witney U-test was used to estimate the reliability of differences between groups. Spearman's rank correlation coefficient (r) was used to estimate statistical dependence between variables. A value of p < 0.05 was considered statistically significant.
Results
Analysis of Th1, Th17 and Th1/Th17 lymphocytes showed that patients with DM2 had elevated numbers of Th17 in intact PBMC culture, elevated numbers of Th1 after stimulation of PBMC with PMA + ionomycin and lowered numbers of Th1/Th17 double-positive lymphocytes compared to healthy volunteers (Fig. 1) . Numbers of Th1, Th17 and Th1/Th17 lymphocytes did not significantly differ between patients groups (Fig. 1 ). Of note that several patients with IGT were characterized by significantly elevated frequency of Th17-lymphocytes after PMA + ionomycin stimulation, which reached numbers twice as high as in the group of patients with DM2 and AH and healthy volunteers ( Fig. 1a ; one representative result out of two). However the whole group of patients with IGT was rather heterogeneous and relatively low number of patients in the group did not allow performing any stratification. Due to this reason no statistically significant differences was shown compared to patients with DM2 and AH.
Hypertensive patients with DM2 had higher MFI of IFN-γ in Th1-lymphocytes from intact and PMA + ionomycin stimulated PBMC culture compared to healthy volunteers ( Table 2) . Analysis of MFI for IL-17 and IFN-γ in Th1/Th17 lymphocytes showed different kinds of cytokine production in double positive cells depending on circumstances of cell cultivation and pathology involved. Th1/Th17-cells of IGT patients were characterized by lower MFI of IL-17 in intact CD4+ lymphocytes compared to patients with AH (p = 0.018), with DM2 (p = 0.001) and healthy volunteers (p = 0.008) ( Table 2 ). MFI of IFN-γ in Th1/Th17 lymphocytes after PMA + ionomycin stimulation in patients with IGT was lower compared to patients with DM2 (p = 0.003; Table 2 ). Moreover, all the groups of hypertensive patients had lower MFI of IFN-γ in intact Th1/Th17-lymphocytes compared to healthy volunteers, while MFI of IL-17 in PMA-activated Th17-lymphocytes was lower in patients with AH and DM2 compared to healthy volunteers (Table 2) .
We have examined number of cells expressing receptor to IL-23 (IL-23R+ cells). It turned out that patients with IGT were characterized by the highest expression of IL-23R compared to patients with AH and healthy volunteers (Fig. 2) . Number of IL-23R+ cells was also elevated in the group of patients with DM2 compared to healthy volunteers (Fig. 2) . IL-23 is known to play the crucial role in the functional activity of Th17 [28] .
Numbers of FoxP3+ T-regulatory lymphocytes in patients with DM2 were lower than in patients with AH and healthy volunteers (Fig. 3) . Correlation analysis showed that numbers of FoxP3+ Tregs were negatively related to VAI in patients with DM2 (R = −0.517; p = 0.034; Fig. 4) .
We calculated ratios Treg/Th17 and Treg/Th1 for intact and PMA + ionomycin cell culture. We regarded this ratio as the representation of the severity of imbalance in immune dysregulation in patients: the lower it was -the more pronounced immune imbalance was considered to be. Our data showed that patients with DM2 had lower ratios Treg/Th17 and Treg/Th1 both in intact and PMA + ionomycin activated PBMC culture compared to healthy volunteers (Table 3) . Patients with DM2 were also characterized by the lower ratios Treg/Th17 and Treg/Th1 in intact PBMC culture and lower Treg/Th1 ratio after PMA + ionomycin stimulation compared to non-diabetic AH patients (Table 3) . Ratio Treg/Th17 in patients with IGT was lower compared to patients with AH (p = 0.042) while ratio Treg/Th1 after PMA-induced activation was lower compared to healthy volunteers ( Table 3) . As for non-diabetic patients with AH, the only difference between this group and group of healthy volunteers was decreased Treg/Th17 ratio after PMA-activation (Table 3) .
We performed correlation analysis, trying to elucidate if immunoregulatory imbalance revealed in patients' groups was associated with any clinical or biochemical changes. Multiple correlations were observed in the group of hypertensive patients with DM2. Glomerular filtration rate was negatively related to numbers of Th17-lymphocytes, IL-23R+ cells and FoxP3+ Treglymphocytes (Fig. 4) . Decrease of Treg/Th1 ratio was associated with elevation of visceral adiposity index, while lowered ratio Treg/Th1 (after stimulation with PMA + ionomycin) was accompanied by increase of concentrations of total cholesterol and LDL-cholesterol (Fig. 4) . These correlations were absent in other groups of patients and healthy volunteers. 
Discussion
Our study revealed that perturbations of carbohydrate metabolism are accompanied by distinguishable changes in the immune-regulatory status of hypertensive patients. The changes are observed already at the stage of IGT and are still present in patients with DM2, even though parameters involved are different.
To our knowledge no previous works evaluated Thelper subpopulations in patients with IGT. Normally these patients remain undiagnosed and untreated unless they have another associated pathology. This made recruitment of patients into this group rather a complicated task, with the small number of IGT patients being one of the limitations of our study. Although, there were no significant differences in numbers of T-helpers' subpopulations in this group, some patients with IGT were characterized by pronounced activation of Th17-lymphocytes. Also, we revealed elevated expression of IL-23R, necessary for IL-17 production in all patients with IGT. Probably, some additional factor is required for T-helpers to differentiate into Th17-lineage in these patients. We also revealed lowered ratio Treg/Th17 in IGT patients, as an indicator of Th17 cells' excessive activation during IGT. Th17 cells are known to play the leading role at the beginning of the development of various diseases [29] [30] [31] . It had been shown that their activity subsides through the progression of the disease with Th1-lymphocytes taking over the leading position in the development of inflammation [30, 31] . Further studies are required to address the functioning of Th17-lymphocytes in hypertensive patients with IGT. Increased numbers of Th17-lymphocytes were observed in patients with DM2 only in intact unstimulated PBMC culture, but not after stimulation with PMA + ionomycin. Intensity of IL-17 production at a single cell level after PMA stimulation was also lower in patients with DM2, compared to healthy volunteers (Table 2) . Most probably, Th17-cells were already activated in vivo during DM2, and exhibited functional exhaustion during additional stimulation ex vivo. Exposure to chronic inflammation may diminish effector functions of T-lymphocytes, which may impair protection against infections and cause predisposition to cancer, which is typical to diabetic patients [32] [33] [34] . It had also been shown that patients with DM2 are characterized by lower numbers of Th17, specific to infectious pathogens [35] .
Our results point out that important role in pathogenesis of inflammation during DM2 belongs to Th1-lymphocytes, as we observed elevation of IFN-γ + cells' percentage in PMA + ionomycin stimulation and MFI of IFN-γ in intact and stimulated Th1 compared to control groups ( Fig. 1 ; Table 2 ). Number of works pointing out the role of Th1 lymphocytes in pathogenesis of insulin resistance and DM2 is abundant [24, [36] [37] [38] . It was shown that IFN-γ deficiency was associated with improved insulin sensitivity and glucose homeostasis in experimental models [38] . IFN-γ, produced by Th1 in obesity, participates in the recruitment of proinflammatory M1-macrophages and other inflammatory cells to adipose tissue with subsequent induction of insulin resistance [37] . In many experimental works Th1 and FoxP3+ Treg-lymphocytes displayed antagonistic relationships: increase in Th1 numbers was associated with the decline of Treg frequency and increase of insulin resistance [21, 38] . Our study showed that decreased Treg/Th1 ratio in DM2 patients is associated with increase of visceral index of adiposity, elevation of total cholesterol and LDL cholesterol concentrations (Fig. 4) . Surprisingly, number of double-positive Th1/Th17 lymphocytes in intact PBMC culture tended to be lower in all groups of patients compared to healthy volunteers and significantly lower in the group of patients with DM2 (Fig. 1) . These cells are involved in the development of tissue inflammation, are less susceptible to suppression by FoxP3+ Treg-lymphocytes and are present in rather high numbers in healthy adult persons [39, 40] . Both Th17-and Th1/Th17-lymphocytes are characterized by high plasticity and can be polarized into different T-helper subpopulations if proper micro-environmental milieu is created [25, 39, 41] . Being placed in polarizing conditions favorable for the differentiation of Th1, double-positive lymphocytes may cease the production of IL-17 and start producing solely IFN-γ [42] . Possible explanation for decreased numbers of double-positive Th1/Th17-lymphocytes in hypertensive DM2 patients observed in our study is transformation of pool of cells, constituting this subpopulation, into Th1-cells, which were found in elevated numbers, as we discussed above. We have also observed lowered MFI for IL-17 in Th1/ Th17-lymphocytes from DM2 patients, while MFI for IFN-γ tended to be higher than in AH patients and healthy volunteers, and was significantly higher than in IGT patients (Table 2 ). In our opinion increase in the production of IFN-γ observed in Th1/Th17 lymphocytes in DM2 patients may reflect the beginning of the skewing of Th1/Th17 differentiation axis to the side of Th1 and may be typical to the progression of the disease from the subclinical (IGT) to the clinically manifested stage (DM2).
Reverse relationship between visceral adiposity index (VAI) and number of FoxP3+ Treg-lymphocytes represent another important finding in our study. It had been shown that both subcutaneous (SAT) and visceral adipose tissue (VAT) compartments are characterized by inflammation during obesity [43] . But VAT depot possesses unique pathogenic properties and is even termed an endocrine organ due to its ability to secrete an impressive number of vasoactive substances including adipokines [44] . BMI is a typical method used to assess adiposity, but it has a number of shortcomings and is not useful for evaluation of visceral adiposity [45] . VAI represents mathematical model aimed to evaluate body fat distribution [26] . Even though this method is not that precise as computer tomography or magnetic resonance imaging for estimation of visceral fat volume, it appeared to be more sensitive marker of cardiometabolic risk than BMI or waist circumference alone [26, 44, 46] . In our study VAI values observed in patients with DM2 tended to be higher than in other groups, and were significantly higher compared to healthy volunteers (Table 1) . It was shown that repertoire of T cells in adipose tissue vary depending on the degree of obesity [21] . There is a hypothesis that peripherally induced FoxP3+ Treg cells may be recruited in the inflamed VAT, while thymic-derived natural Tregs are represented in VAT during obesity insufficiently [47] . We may speculate that there are two possible ways to explain the reverse correlation between FoxP3+ Treg numbers and VAI observed in DM2 patients in our study. It may reflect the universally diminished numbers of Treg lymphocytes typical for diseases accompanied by chronic inflammation [48] [49] [50] . In this case systemic decrease of Treg cells may be associated with the increase of adipose tissue volume and elevated local production of inflammatory cytokines and adipokines. Or the decline in peripheral blood numbers of Tregs may be the consequence of FoxP3+ Tregs recruitment to adipose tissue in order to control the local inflammation: the process which tends to proceed more actively with the increase of visceral adiposity, estimated by elevated VAI in our study [47] .
Another clinical parameter closely related to immune factors in DM2 patients was glomerular filtration rate. [51] . The fact that patients recruited in our study were characterized by normal renal function indicates that disturbances of immune regulation during DM2 are distinguishable even before the involvement of kidneys into pathological process, but are still interconnected with renal function in these patients. Of interest remains relationships between immune parameters and kidney function in IGT patients, who had the highest GFR-values, but no correlations were revealed in this group. Possible explanation is a small number of recruited patients with IGT.
We acknowledge the difference in the age of the healthy volunteers and groups of patients as one of the limitations in our study ( Table 1) . Incidence of insulin resistance, arterial hypertension and conditions associated with them, as well as incidence of inflammatory diseases, markedly increases with age, which significantly limits number of individuals who may be considered as "healthy" in general population aged 50 -60 years old [52, 53] . That is why we regarded group of hypertensive patients without carbohydrate disturbances as a comparison group, and differences revealed between hypertensive patients and hypertensive patients with DM2 or IGT were considered to be due to the presence of carbohydrate disturbances.
